Specific Language Impairment (SLI) is a developmental disorder affecting language learning across a number of domains. These difficulties are thought to be related to difficulties processing auditory speech, given findings of imperfect auditory processing across nonspeech tones, individual speech sounds and syllables. However the relationship of auditory difficulties to language development remains unclear. Perceiving connected speech involves resolving coarticulation, the imperceptible blending of speech movements across adjacent sounds, which gives rise to subtle variations in speech sounds. The present study used event-related potentials (ERPs) to examine neural responses to coarticulation in school age children with and without SLI. Atypical neural responses were observed for the SLI group in ERP indices of prelexical-phonological but not lexical stages of processing. Specifically, incongruent coarticulatory information resulted in a modulation of the N100 in the SLI but not typically developing group while a Phonological Mapping Negativity was elicited in the typically developing but not SLI group, unless additional cues were present. Neural responses to unexpected lexical mismatches indexed by the N400 ERP component were the same for both groups. The results demonstrate a relative insensitivity to important subphonemic features in SLI.
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Introduction
Children exhibiting a Specific Language Impairment (SLI) fail to learn their native language as expected despite otherwise typical development and sociocultural opportunities (Leonard, 1998) . Studies demonstrating imperfect auditory processing in SLI (e.g., McArthur and Bishop, 2004; Shafer et al., 2005) suggest that this group may miss valuable information available in the speech stream. Each sound in a spoken utterance contains subtle clues about its neighboring sounds, an acoustic quality not present when the same sound is produced in isolation. Although these effects tend to be imperceptible, both infants (Johnson and Jusczyk, 2001 ) and adults (MarslenWilson and Warren, 1994) appear to use this information during speech processing. For example, adults ) and typically developing children (Archibald and Gathercole, 2007) repeat unfamiliar words more accurately when these overlapping phonetic cues are present. In the present study, we examined the neural correlates of this sensitivity to the subtle redundancies available in the speech signal in children with either typical-development or language-impairment.
Speech production requires the rapid coordination of articulators, which provides opportunities for economization (e.g., /n/may be realized as/ŋ/in the phrase 'one game'). This process known as coarticulation results in modifications to the speech stream that creates an acoustic signature of the context. These subtle sound differences are not usually perceptible to the listener despite findings that they influence behavioral (McQueen et al., 1999) and neural responses (Mitterer and Blomert, 2003) . Their presence provides opportunities for fine-grained qualitative differences in encoding language. Indeed, recent research suggests that typical learners are highly attuned to the acoustic differences in the speech stream arising from coarticulatory information, which in turn allows the rapid acquisition and generalization of these subtle cues to speech (and language) perception (Connine and Darnieder, 2009) .
The role of poor auditory processing in the language learning difficulties experienced by children with SLI has received considerable research attention (see Rosen, 2003) . In a series of studies, Tallal and colleagues (Tallal and Piercy, 1973a ,b, 1974 , 1975 Tallal and Stark, 1981) reported that children with SLI were unable to detect rapid changes in auditorily presented tones and synthesized speech sounds. Several subsequent studies demonstrated SLI deficits in a variety of auditory tasks including detecting a tone that precedes masking (Wright et al., 1997) , brief gaps in sound bursts (Ludlow et al., 1983) , and amplitude modulations (Menell et al., 1999) . However, null findings for SLI groups on temporal processing tasks have also been reported (e.g., Bishop et al., 2005; Sussman, 1993) . It has been suggested that differences in the attentional or cognitive load imposed by respective auditory processing tasks may account for some of the contradictory findings (Rosen, 2003) .
Processing of coarticulatory information provides a means of investigating subtle differences in speech perception. The present study takes a novel approach to examining responses to these subtle coaticulatory differences without imposing a cognitive load by measuring event-related potentials (ERPs). ERPs are generated by neural processes time-locked to sensory and cognitive events. ERPs have a high degree of temporal resolution (Woldorff and Hillyard, 1992) thereby providing a glimpse into the cognitive processing of a stimulus as it unfolds. With ERPs, we can examine the characteristics of different stages of neural responses to a word, even prior to the individual registering any overt behavioral response. Averaged over many trials, patterns of brain responses become visible as ERP components, marked by positive or negative deflections in scalp voltages.
Of interest are three components related to the processing of spoken words, the N100, N280/PMN and N400. One of the earliest ERP components following an auditory stimulus is the N100, a negativity occurring around 100 ms post-stimulus onset. The N100 is considered to reflect early sensory processes responsive to steep changes in a level of physical energy sustained for at least a short time (Näätänen and Picton, 1987) ; for example, it is modulated by loudness (Picton et al., 1974 (Picton et al., , 1977 syllable stress (Sanders and Neville, 2003) , and voicing onset (Martin and Boothroyd, 1999; Steinschneider et al., 1999) . The N280 is a negative-going component occurring 250-300 ms post-stimulus onset sensitive to differences in the expected vs. perceived phonological form of a word. 1 1 Although the N280 has also been studied in the context of the visual processing of open and closed lexical sets (Neville et al., 1992) , it is the modulation of this component to auditorily presented words that is of Of particular interest is the PMN, or 'Phonological Mapping Negativity', which is a modulation to the N280 component due to a mismatch between an auditory word form and a previously-established expectation (Steinhauer and Connolly, 2008 ; the component has also been previously described by Connolly and Phillips, 1994 as the Phonological Mismatch Negativity; it should not be confused with the Mismatch Negativity or MMN, which indexes a different set of processes and is elicited under different circumstances). The N400 is a negative-going component occurring approximately 400 ms post-stimulus onset and is sensitive to semantic or lexical information in words or sentences (Holcomb and Neville, 1991) . Although still a matter of debate (Van den Brink and Hagoort, 2004; Van Petten et al., 1999) , the N100, PMN and N400 are widely considered to reflect distinct prelexical-phonological and lexical stages of spoken word processing (Connolly and Phillips, 1994; Newman and Connolly, 2009; Steinhauer and Connolly, 2008) . In any case, modulations to these ERP components can be differentially evoked by manipulating lexical or sublexical matches, and as a consequence provide complementary information about spoken word processing as it unfolds.
Speech variations due to coarticulation provide finegrained information related to the phonological features of a sound but do not change the word itself. Coarticulatory violations, then, should be detected during prelexical rather than lexical stages of spoken word processing. It follows from this that responses to unexpected violations in coarticulation could result in modulation of the N100 reflecting early processing of acoustic variation not required for later phonemic recognition, or a PMN suggesting integrated processing of subphonemic and phonemic information. The question of how coarticulatory information contributes to speech processing has been considered only recently (Gaskell, 2001; Gow and McMurray, 2007) . According to one view, subphonemic and phonemic effects are processed by the system in an indistinguishable manner such that they influence word recognition at whatever point they become available (Gow and McMurray, 2007) . A growing number of studies provide support for this hypothesis. For example, sensitivity to coarticulatory differences has been found to influence lexical access (e.g., Dahan et al., 2001; Fowler and Brown, 2000) , lexical choices (McQueen et al., 1999) , and the temporal sequence of looks to a target (McMurray et al., 2008) .
We have recently used ERP to examine neural responses to coarticulatory cues in healthy adults (Archibald and Joanisse, in press ). We employed the visual-picture/spoken word matching paradigm of Desroches et al. (2009) in which the picture stimulates a phonological and lexical expectation and the spoken word matches or mismatches the expectation phonemically and/or lexically. Studies employing such picture-word matching paradigms have reported N400 effects in lexical manipulations (Stelmack and Miles, 1990) and differentiated PMN and N400 effects interest to the present study. It should be noted that the neural response to acoustic/phonemic changes has also been referred to as the acoustic change complex response (Martin and Boothroyd, 1999) . in phonemic/lexical manipulations (Desroches et al., 2009; Connolly et al., 1995) . Our study manipulated both phonemic and coarticulatory information, creating stimuli that matched/mismatched expectations lexically as in these earlier studies, or else in the coarticulatory information inherent in the initial phoneme of the word. Findings revealed a PMN to mismatching coarticulatory information regardless of lexical status. In contrast, an N400 was not observed to invalid coarticulation provided the word matched lexical expectations. These results provided strong evidence that subphonemic coarticulatory cues and phonemic information are processed similarly in spoken word recognition in healthy adults.
The purpose of the present study was to investigate neural responses to coarticulation in a typically developing group of children, and in children with Specific Language Impairment (SLI). The children completed a picture-word matching task where words matched or mismatched lexically or in coarticulation, or both. One aim was to extend our previous findings (Archibald and Joanisse, in press ) to a typically developing developmental sample. We hypothesized that typically developing children would show a similar pattern to what we previously established in adults, with coarticulatory mismatches eliciting a PMN and lexical mismatches eliciting an N400. A second goal was to compare this pattern of neural responses to coarticulatory information in children with SLI. The picture-word matching task presented minimal cognitive load and the auditory word presentation resulted in automatic processing measured by the ERP response. As a result, the paradigm is ideally suited to examining auditory processing in SLI providing a relatively clean measure of on-line auditory word processing. Given the low language demands of the task, we hypothesized that the groups would show similar N400 modulations to picture-word mismatches. In contrast, we anticipated group differences in response to coarticulatory mismatches either in the N100 or PMN. An absence of differentiated neural responses to coarticulatory mismatches in the SLI group would reflect a failure to process meaningful, subtle subphonemic information available in the speech stream. Differences in neural patterns to coarticulatory cues in SLI would point to the subtle nature of auditory processing deficits in language impairment.
Method

Participants
Fifteen children with SLI and 15 typically developing (TD) chronological age-matched control children were recruited from our existing databases (Table 1 ). The parents of eligible children were contacted by phone. Written consent was provided by the parents upon arrival at our laboratory, and children gave verbal assent throughout the process. All participants achieved a standard score of 80 or above on the Test of Nonverbal Intelligence (TONI-3, Brown et al., 1997 ; n = 25) or scaled scores of 7 or greater on both the Block Design and Matrix Reasoning subtests of the Wechsler Intelligence Scale for Children (WISC-4, Wechsler, 2003 ; SLI: n = 1; TD: n = 3), except one child in the SLI group who scored 75 on the TONI-3 and one child Semel et al., 2003) . The CLS is based on performance on four subtests, Concepts and Following Directions, Recalling Sentences, Formulating Sentences, and either Word Structure (under 9 years; n = 13) or Word Classes. One child was classified into the SLI group based on a score below 85 on the Test for Reception of Grammar (TROG; Bishop, 1982) and below the 10th percentile ) on the Nonword Repetition Test (NRT; Dollaghan and Campbell, 1998) .
TD Group. None of the children in the TD group had any history of speech or language problems, or any type of exceptional educational needs. All of the children scored within 1.0 SD of the mean for their age on either the CELF-4 (n = 11) or the TROG and NRT (n = 3). Participants in the TD group were matched to the SLI group on handedness, age (mean age difference in months = 1.47, SD = 1.25), and sex.
Stimuli
Procedures for stimulus preparation are identical to those employed in our previous study (Archibald and Joanisse, in press ). Briefly, the stimuli consisted of 30 CV or CVC word pairs (60 words) starting with a continuant (/f, s, , t , d , m, n, h/) and differing in the subsequent vowel such that one member of the pair (hereafter, cohort) had a back vowel (i.e., /u, əυ, ɔ, /) and the other, a front vowel (i.e., /i, ae, eI/). Digitized recordings (16 bits; 22,050 Hz) were made of three adult female English speakers producing each word four times. The use of multiple speakers increased the robustness of the results by guarding against effects due to individual nuance in speech production.
Stimulus items were re-spliced in order to create a set of words containing either valid or invalid coarticulation cues. The word-initial sound was spliced using Sound Forge 6.0 (Sonic Foundry Inc., 2002) either to other productions of the same word to create spliced words with valid coarticulation, or to productions of the source word's cohort to create spliced words with invalid coarticulation.
For example, /h/was spliced from one production of hat onto/aet/from another production of hat, creating a coarticulatory valid token of h a at (the superscript denotes the vowel following the consonant in the source production) whereas an invalid coarticulatory token was created by splicing together/h/from hat and/ɔt/from hot creating h a ot. Initial sounds were 147.74 ms on average (SD = 55.09), and ranged in duration from 38 to 299 ms. For each speaker and each word, two randomly chosen productions were used to create words with valid coarticulation, and two for words with invalid coarticulation. The set of 30 word pairs were randomly presented in each of four conditions, yielding 240 randomly presented trials. The speaker for each word was randomly selected such that one third of the words were spoken by each speaker within a condition and the speaker varied in repetitions of the word across all conditions.
Procedures
Auditory stimuli were presented to the right ear using ER-3A insert earphones (Etymotic Research, Elk Grove Village, IL). Visual stimuli were color stock photographs corresponding to each word, presented on a white background using a 19-in. CRT monitor. Stimulus presentation was controlled by E-prime (Psychology software tools, v. 1.1). On each trial, a fixation cross appeared for 250 ms, followed by a picture stimulus. After a 1500 ms delay, a spoken word was played while the picture remained on-screen. Participants were asked to indicate whether the picture and word matched by pressing one of two keys on a handheld keypad. Participants performed six practice trials prior to the experimental task in order to familiarize them with the procedure.
The four experimental conditions are outlined in Table 2 . The first two conditions were lexical matches to the picture but the coarticulatory information contained in the initial phoneme was manipulated. In the valid target condition (e.g., HAT-h a at), the auditory word matched the picture as did the coarticulatory information inherent in the initial sound; in the invalid target condition (e.g., HAT-h o at), words containing invalid coarticulation were presented with the correct picture; consequently, the initial sound contained inaccurate coarticulatory information despite being a lexical match for the picture. The remaining two conditions were lexical mismatches to the picture and again manipulated coarticulatory information in the initial phoneme. In the valid cohort condition (e.g., HAT-h o ot), the picture and auditory word were cohorts (i.e., lexical mismatches) and the coarticulation of the initial phoneme was not consistent with the pictured word (i.e., coarticulatory mismatches). In the invalid cohort condition (e.g., HAT-h a ot), the picture and auditory word were cohorts but the coarticulatory information contained in the initial phoneme of the auditory word matched the pictured item even though the whole word ultimately did not match the picture.
Electrophysiological recordings
EEG was recorded at 500 Hz sample rate using a 32-channel cap (Quik-Caps; Neuroscan Labs, El Paso, TX) embedded with Ag/AgCl sintered electrodes, referenced to the nose tip. Impedances were kept below 7 k . Scalp electrodes were placed according to the international 10-20 system; linked pairs of electrooculogram (EOG) electrodes recorded horizontal (electrodes on the outer canthi) and vertical (electrodes above and below the left eye) eye movements. Electrophysiological data were filtered on-line at .1-100 Hz with a 60 Hz notch filter and off-line using a zero phase shift digital filter (24 dB, band-pass frequency: 0.1-20 Hz). ERPs were calculated from −100 to 800 ms, time-locked to the onset of the auditory word (i.e., initial consonant). Each trial was baseline corrected to the average voltage of the 100-ms prestimulus interval. Trials containing physiological artifacts were removed, determined by a maximum voltage criterion of ±75 V relative to baseline on any scalp electrode (rejected trials ranged from 20 to 28% for all conditions and groups). Analyses were completed on accurate trials only. Two participants in the SLI group and one participant in the TD group had at least one condition with fewer than three accepted and accurate trials (out of 60) while all remaining participants had no fewer than 18 correct trials in a single condition. All ERP analyses were completed with data from these remaining 27 participants. The mean number trials retained for analysis did not differ across conditions, F(3,78) = 1.897, p > .05 (valid target: M = 42.3, SD = 10.8, range = 19-58; valid cohort: M = 42.4, SD = 9.6, range = 18-55; invalid target: M = 43.3, SD = 9.0, range = 22-57; invalid cohort: M = 44.8, SD = 8.7; range = 24-58).
ERP analyses
Analyses focused on three negative-going components commonly associated with auditory word recognition: the N100, PMN, and N400. The amplitude of each was quantified by averaging voltage within three distinct time intervals as follows: N100: 70-130 ms; PMN: 230-340 ms; N400: 340-500 ms. (Archibald and Joanisse, in press; Desroches et al., 2009) . A 4 (match type) × 15 (site) repeated measures ANOVA with group (SLI vs. TD) as a between groups factor was performed on mean voltages at each time interval. Conservative degrees of freedom (Greenhouse and Geisser, 1959) were used to guard against sphericity violations common to multi-electrode ERP data. In the case of significant effects involving match type and group, separate secondary analyses comparing the baseline valid target condition to each of the remaining match type conditions were conducted. In these secondary analyses, the site factor was divided into two factors to allow examination of scalp topography (Newman and Connolly, 2009; Archibald and Joanisse, in press ): region (frontal, central, parietal) and hemisphere (left, right). Each region by hemisphere combination was linearly derived from a combination of two sites: left frontal (F3, F7), right frontal (F4, F8), left central (C3, T7), right central (C4, T8), left parietal (P3, P7), and right parietal (P4, P8). The midline sites were excluded from this analysis in the interest of disambiguating effects and interactions involving electrode laterality, although a parallel analysis of midline sites was performed where needed to disambiguate results. In cases of significant interactions with group in the secondary analyses, group patterns were further investigated by completing corresponding 2-way within-subjects ANOVAs for each group separately.
Results
Behavioral results
Accuracy and reaction time are listed in Table 3 for each group and match type. Two group × match type ANOVAs revealed no significant differences between the four conditions for accuracy, F(3,75) = 1.216, p > .05, Á 2 p = 0.05. A significant main effect of reaction time, F(3,75) = 24.293, p < .001, Á 2 p = 0.49, resulted from significantly faster reaction times to the valid target and invalid target compared to both the valid cohort and invalid cohort conditions (p ≤ .001, all cases). The main effect of group was not significant (accuracy: F(1,25) = 3.740, p > .05; reaction time: F(1,25) = 3.555, p > .05), and did not interact with match type (accuracy: F(3,75) = 1.177, p > .05, Á 2 p = 0.05; reaction time: F(3,75) = 0.556, p > .05, Á 2 p = 0.02). The data suggest that the match type conditions were well-balanced with respect to difficulty for both groups.
Electrophysiological results
Figs. 1 (TD) and 2 (SLI) present the average waveforms for all match type conditions for the 15 electrodes of interest for both participant groups. Omnibus match type (4) × site (15) × group (2) ANOVAs were completed for each component of interest. Significant effects with group were found for the N100 (group: F(1,25) = 4.869, p = .037, Á 2 p = 0.16), and PMN (group × match type: F(3,75) = 2.553, p = .066, Á 2 p = 0.09) but not the N400 (F < 1.95, Á 2 p < 0.072, all remaining effects involving group for all analyses).
The group and match type differences were explored further by comparing the valid target condition to all other conditions in separate ANOVAs. Region (frontal, central, parietal) and hemisphere (left, right) factors were included in these secondary ANOVAs to examine scalp topography. The results are presented below for each component and summarized in Table 4 . A summary of significant component modulations is presented in Table 5 . Group comparisons of difference waves created by calculating the difference between each group's average waveform for the baseline valid target condition (e.g., HAT-h a at) and each respective remaining condition are presented in Figs. 3-5 for the invalid target (e.g., HAT-h o at; Fig. 3 ), valid cohort (e.g., HAT-h o ot; Fig. 4) , and invalid cohort conditions (e.g., HAT-h a ot; Fig. 5 ). In these figures, significant positive or negative deflections from zero reflect differences between the conditions. N100. In the match type (2) × region (3) × hemisphere (2) × group (2) ANOVA of the N100 amplitudes for the invalid target condition (e.g., HAT-h o at), the interaction between match type, region, and group approached significance (p = .069, Á 2 p = 0.12). To corroborate this finding, we completed a parallel ANOVA of the midline sites (6) and found a significant group effect, F(1,25) = 5.288, p = .030, Á 2 p = 0.18, modified by a significant interaction between match type, site, and group, F(5,125) = 3.169, p = .048, Á 2 p = 0.11. In corresponding ANOVAs completed for each group, there were no significant effects with match type for the TD group (Á 2 p < 0.07) whereas the interaction between match type and region was significant for the SLI group (Á 2 p = 0.26). The latter was due to increased negativity in the frontal and positivity in the parietal regions for the SLI group in response to the invalid target (see Fig. 3 , bottom). For the valid cohort condition (e.g., HAT-h o ot), there were significant effects of group (p = .033, Á 2 p = 0.17) and group × match type (p = .039, Á 2 p = 0.19). Follow up ANOVAs conducted separately for each group revealed increased negativity in the SLI group (Á 2 p = 0.26) to the valid cohort (see Fig. 4 , bottom) but no significant match type difference in the TD group (Á 2 p = 0.09). There were no significant effects with group (F < 0.96, Á 2 p < 0.04, all cases) or match type (F < 1.21, Á 2 p < 0.05, all cases) in the analysis of the invalid cohort condition (e.g., HAT-h a ot).
Results for the N100 (see Table 5 ) indicate atypical neural responses on the part of the SLI group to the two conditions in which the initial sound of the word contained mismatching coarticulatory information despite being a phonemic match to expectations. SLI group responses were characterized by increased negativity to the valid cohort (e.g., HAT-h o ot) and increased frontal negativity and parietal positivity to the invalid target (e.g., HAT-h o at) relative to the baseline condition. The N100 responses for the TD group, on the other hand, were not differentiated by match type.
PMN. Analysis of the PMN for the invalid target condition (e.g., HAT-h o at) revealed a significant three-way interaction between match type, region, and group (p = .012, Á 2 p = 0.19), modified by a four-way interaction between match type, region, hemisphere, and group (p = .045, Á 2 p = 0.12). Remaining effects involving group were nonsignificant (F < 1.202, Á 2 p < 0.05, all cases). One clue to understanding this complex interaction was results of the ANOVAs completed for each group separately comparing the invalid target (e.g., HAT-h o at) to baseline valid target conditions. One significant match type effect was found: the interaction between match type and region in the analysis of the TD group, F(2,26) = 6.972, p = .012, Á 2 p = 0.35, due to increased negativity at parietal sites in response to the invalid target (e.g., HAT-h o at). Closer inspection of these results in comparison with the SLI group showed that this effect was greater at left hemisphere sites (see Fig. 3, top) . All remaining effects with match type were not significant in these analyses (F < 2.251, Á 2 p < 0.15, all cases). For the valid cohort condition (e.g., HAT-h o ot), there were no significant effects involving group although there was one significant effect involving match type. The significant interaction between match type, region, and hemisphere (p = .022, Á 2 p = 0.16) was due to increased negativity at left parietal sites to the valid cohort condition. Finally, the analysis of the invalid cohort condition (e.g., HAT-h a ot) revealed a significant interaction between match type and group (p = .032, Á 2 p = 0.17). All remaining effects (except main effects of region and hemisphere) were not significant. In separate group analyses, the SLI group had significant positivity (see Fig. 5, bottom) , F(1,12) = 7.383, p = .019, Á 2 p = 0.38, whereas the TD group showed no significant differences, F(1,13) = 0.336, p > .05, Á 2 p = 0.03, in response to the invalid cohort condition (e.g., HAT-h a ot) in this temporal region.
To summarize the results of the PMN analyses (see Table 5 ), a PMN at left parietal sites was present for both groups in response to the valid cohort (e.g., HAT-h o ot), which contained an initial coarticulatory mismatch (and lexical mismatch) to expectations. A corresponding PMN was observed for the TD but not the SLI group to the invalid target (e.g., HAT-h o at). Thus, a PMN was noted in the TD group to both conditions presenting an initial coarticulatory mismatch to expectations, while the SLI group showed a PMN only when a lexical mismatch also occurred. Increased positivity was noted in this temporal region for the SLI but not the TD group in response to the invalid cohort condition (e.g., HAT-h a ot) with matching initial coarticulatory information (but mismatching lexically).
N400. The final set of analyses examined the N400. Recall that no significant group effects were found in either the omnibus ANOVA or the secondary analyses of the N400. In separate ANOVAs comparing each match type condition to the baseline valid target condition (e.g., HAT-h a at), there were significant effects involving match type to the valid cohort (e.g., HAT-h o ot) (type: p = .016, Á 2 p = 0.21; type × region: p < .001, Á 2 p = 0.50) and the invalid cohort (e.g., HAT-h a ot) (type: p = .002, Á 2 p = 0.33; type × region: p < .002, Á 2 p = 0.28). The interactions were due to increased negativity at parietal sites. Remaining effects (except hemisphere) in these analyses were not significant. As well, there were no significant effects in the invalid target (e.g., HAT-h o at) analysis. Thus, both groups showed N400 modulations to the two conditions presenting lexical mismatches (i.e., valid cohort; invalid cohort) regardless of the coarticulatory match but not to the condition presenting a lexical match (i.e., invalid target).
Discussion
The present study used ERP to examine the temporal nature of neural responses to unexpected coarticulatory or lexical information in school age children with either typical development or Specific Language Impairment (SLI). The congruity between presented pictures and subsequently presented auditory words was manipulated across four conditions varying the coarticulatory and/or lexical match to expectations. As summarized in Table 5 , groupand condition-wise differences in the modulations of the N100, PMN, and N400 were observed. The neural response pattern of the typically developing group replicated that of our previous study with adults (Archibald and Joanisse, in press ). In both cases, a PMN was elicited in response to mismatching coarticulatory information regardless of lexical match whereas N400 modulations occurred in response to mismatching words regardless of coarticulatory cues. The SLI group pattern was different for the processing of coarticulatory but not lexical information. N100 modulations were found in the SLI group to mismatching coarticulatory information while a PMN was observed only when additional cues to the incongruity were present. Lexical mismatches, on the other hand, elicited N400 modulations in the SLI group as they did for the typically developing group.
These results add to the growing evidence that coarticulatory differences in productions of the same phoneme contribute to spoken word recognition (e.g., McMurray et al., 2008 McMurray et al., , 2002 , at least for typical groups. In the typically developing children observed here, and in an adult group in our previous work (Archibald and Joanisse, in press) , subphonemic coarticulatory information elicited a PMN -a response previously established in response to mismatching phonological expectations (Desroches et al., 2009; Newman et al., 2003; D'Arcy et al., 2000; Connolly and Phillips, 1994) . Taken together, these findings strongly suggest that subphonemic and phonemic information are processed similarly resulting in a PMN to both withinand between-category phonetic variation. It follows from this that subphonemic coarticulatory information may play an important role in facilitating speech segmentation and recognition (Gow and McMurray, 2007) . The results also provide some information about the typical development of these processes in the sense that our control group of 8-10-year-old children showed the same sensitivity to subphonemic coarticulatory cues as our adult group in our previous study. The findings indicate that typical speech perception processes have developed sufficiently to discriminate subtle phonemic differences by this age. Such a suggestion is supported by reports that infants are sensitive to subtle phonological information (McMurray and Aslin, 2005) .
Of potentially greater importance are our SLI findings. We demonstrated atypical sensitivity to phonetic detail in children with SLI in the present study, and most notably not at the whole sound (or phoneme) level but instead at a subphonemic level. Neural responses of interest were differentiated based on the subtle coarticulatory cues present in our stimuli, indicating that children in the SLI group did perceive/process these differences, albeit in a different way from the control group. Unlike typical language users, the SLI group consistently showed an N100 modulation to unexpected coarticulatory information. The N100 modulation could reflect greater sensitivity to the acoustic variation associated with coarticulatory information at this early time point on the part of the SLI group. The group differences in the N100 may also reflect more topdown modulations such as the influence of expectations (Zhang et al., 2005) or attention (Vogel and Luck, 2000) . It may be that early neural processing is less attuned to relevant acoustic and phonemic distinctions in children with SLI than typical development. This suggestion is supported by findings that greater language experience leads to decreased within-category discrimination such as in 12 vs. 6-month-old infants (Stager and Werker, 1997) or first vs. second language speakers (Zhang et al., 2005) .
While further studies are needed in order to more fully understand the group differences in the N100, there are several potential consequences to the early processing of irrelevant phonetic detail observed in the SLI group. For one, this may amount to unnecessary processing tapping resources that are consequently unavailable for other cognitive activities. Secondly, the temporal integration of information available at different stages of spoken word recognition may be interrupted by processing that occurs too early. And thirdly, errors in early processing may interfere with critical processing at later stages of recognizing spoken words.
Results for the PMN provided some evidence that later critical processing of coarticulatory information was impaired in the SLI group. PMNs were noted consistently in response to mismatching coarticulatory information in both the typically developing children in the present study and adults in our previous work (Archibald and Joanisse, in press) suggesting that this reflects a crucial stage in phonological processing related to mapping acoustic inputs onto phonological categories (Desroches et al., 2009) . Unlike the typically developing groups, the children with SLI did not show a consistent pattern of PMNs to coarticulatory mismatches. When words were presented that mismatched expectations in both coarticulatory and lexical information, a PMN was observed as expected. However, a PMN was not elicited when only coarticulatory incongruities were present. These results suggest the influence of top-down processing such that lexicality influenced phonological processing. When lexicality provided additional cues to the mismatch, processing of the mismatching coarticulatory information was facilitated. However, when lexicality matched expectations, fine-grained phonological processing was not prompted. Consistent with this, some researchers have argued that the PMN reflects early lexical processing (Van den Brink and Hagoort, 2004; Van Petten et al., 1999) .
How might the N100 and PMN findings for our SLI group be integrated? Coarticulatory mismatches yielded N100 modulations, but they did not also induce PMNs unless a mismatching lexical cue was also present. There are three possible explanations of these findings. One is that the entire spoken word recognition process is shifted to an earlier temporal period in SLI. However, this seems unlikely given that the SLI group exhibited N400 modulations in response to word-level information as expected indicating normal lexical processing at the typical temporal window. A second suggestion is that only phonological processing is shifted leading to a temporal desynchronization in phonological and lexical processing in SLI. The phonological information may be available too early reducing the impact of phonemic (or subphonemic) information and forcing the system to rely more heavily on later lexical processing. One observation makes this explanation also unlikely: the presence of a PMN at least in cases of coarticulatory and lexical mismatches in the SLI group demonstrates phonological processing at the expected time window.
A third, and in our view the most likely, possibility is that coarticulatory cues are not recognized as important information contributing to phonological processing in SLI. Additional early processing occurred, but this early processing prompted no further phonological processing. Lexical violations, however, can trigger a rechecking of the signal resulting in processing of subphonemic variations. The failure to use subphonemic information available in the speech stream in a meaningful way could have important implications for rapid language processing. As a result, language learning may require more repetitions than expected and proceed more slowly overall, two characteristics known to be typical of children with SLI. It is clear that further investigation of the processing of coarticulatory information in SLI is warranted. One approach addressing the possible role of lexical violations in prompting rechecking would be to examine SLI responses to coarticulatory mismatches in words and nonwords. As well, group differences in behavioral responses to coarticulatory mismatches would provide further evidence of a reduced SLI sensitivity to subphonemic information.
We found no group differences in N400 modulations in the present study. It must be acknowledged, however, that we only assessed the presence or absence of modulations in comparisons between lexical matches and mismatches involving highly familiar words. In contrast to these findings, qualitative differences in this temporal region have been reported: For example, Neville et al. (1993) reported attenuation of the N400 in some children with SLI in response to a sentence-level task while Helenius et al. (2009) found a weaker lexicality effect in their SLI group for the equivalent component in magnetoencephalography studies, the N400m. These findings illustrate an important point concerning the use of ERP in language disorders, namely, that modulations of a specific component are influenced by the task being completed. Thus, findings of atypical timing or shape of ERP responses must be considered within the context of the cognitive processes engaged during their elicitation. As well, exploration of these questions with a larger subject sample involving both ERP measures of peak values around a short time window and corresponding behavioral tests may provide a better understanding of individual and possible subgroup differences.
Increased positivity reflecting attenuation was noted for the SLI group for two components, the N100 in response to a coarticulatory mismatch and lexical match and a PMN in response to a coarticulatory match and lexical mismatch. The attenuation may reflect negativity at an earlier time point, or more variability in the timing of a peak from one trial to the next. It may be that there is reduced synchronization of the N00 response to the onset of the word in the SLI group resulting in a smaller average response. Clearly, further investigation (including replication) is warranted.
Conclusions
The present findings provide evidence of a Phonological Mapping Negativity (PMN) to subphonemic coarticulatory information in typically developing children replicating our previous findings with adults (Archibald and Joanisse, in press ). Children with SLI, on the other hand, did not show the same pattern of neural responses. We capitalized on the temporal sensitivity of ERPs to investigate the subtle nature of the auditory processing deficit in SLI. The SLI group in the present study completed our task as accurately and rapidly as the typically developing group. As well, N400 responses to lexical information did not differ between the two groups. Group differences arose solely in response to subphonemic coarticulatory cues, and were only evident when no other cues were available. These findings may aid in explaining some of the contradictory findings pertaining to auditory processing deficits in SLI (e.g., Tallal and Piercy, 1973a,b; Bishop et al., 2005) . Children with SLI may be able to use redundant information inherent to language to overcome subtle auditory processing deficits resulting in better performance on tasks in which such redundancies are available.
The suggestion that children with SLI have phonological processing deficits is not a new one (Chiat and Hunt, 2001 ). Indeed, past ERP studies have demonstrated abnormal SLI responses to oddball auditory stimuli (the MMN; Shafer et al., 2005) and individual speech and nonspeech sounds (McArthur and Bishop, 2004) . Results of the current study, however, shed new light on this issue by extending findings to word-level linguistic stimuli within a more naturalistic language processing paradigm. The present findings are also the first to isolate subphonemic speech deficits in SLI. It is clear that the processing of subtle but meaningful acoustic variation in the speech stream is a challenge for children with SLI that may impact language learning.
